Summary. Proliferating cell nuclear antigen (PCNA) in a useful marker for monitoring cell proliferation in most species. The immunostaining of PCNA on tissue cryosections, however, has been hampered by a loss of PCNA immunoreactivity during the staining process. The need for both identifying the actual phenotypes of proliferating cells and differentiating them from other tissue components prompted us to establish reliable techniques for PCNA immunostaining on cryosections and to apply these to double immunostainings with other markers. We tested various fixing conditions for rat tissue cryosections and the effect derived from unmasking with pepsin digestion to restore PCNA immunoreactivity after fixation. For single immunostainings, the unmasking was effective in most fixing conditions tested. Particularly, 4% paraformaldehyde/0.05% glutaraldehyde fixation followed by 0.001% pepsin digestion resulted in the strongest immunoreactivity for PCNA and the best morphology, and was the first choice for double immunostainings with relatively stable second antigens. Alternatively, periodate-lysine-paraformaldehyde fixation was also applicable to other second antigens which are labile to the former treatment. These techniques can serve in the collection of important information from frozen tissues regarding the relationship between PCNA and other markers of interest which are usually susceptible to routine formalin and/or paraffin embedding.
Summary. Proliferating cell nuclear antigen (PCNA) in a useful marker for monitoring cell proliferation in most species. The immunostaining of PCNA on tissue cryosections, however, has been hampered by a loss of PCNA immunoreactivity during the staining process. The need for both identifying the actual phenotypes of proliferating cells and differentiating them from other tissue components prompted us to establish reliable techniques for PCNA immunostaining on cryosections and to apply these to double immunostainings with other markers. We tested various fixing conditions for rat tissue cryosections and the effect derived from unmasking with pepsin digestion to restore PCNA immunoreactivity after fixation. For single immunostainings, the unmasking was effective in most fixing conditions tested. Particularly, 4% paraformaldehyde/0.05% glutaraldehyde fixation followed by 0.001% pepsin digestion resulted in the strongest immunoreactivity for PCNA and the best morphology, and was the first choice for double immunostainings with relatively stable second antigens. Alternatively, periodate-lysine-paraformaldehyde fixation was also applicable to other second antigens which are labile to the former treatment. These techniques can serve in the collection of important information from frozen tissues regarding the relationship between PCNA and other markers of interest which are usually susceptible to routine formalin and/or paraffin embedding.
The assessment of a proliferative status represents a key point for understanding the biological activity or growth potency of cells (HALL and LEvisoN,1990; YU et al., 1992) . The procedure, in morphological aspects, has involved the assessment of mitotic indices (HOOPER, 1961) , the silver staining of nucleolar organizer regions (AgNOR technique) (GooDPASTURE and BLOOM, 1975; PLOTON et al., 1986) , or more directly, the identification of DNA synthesis by detecting incorporated DNA precursors, such as tritiated thymidine (HUGHES et al.,1958; JOHNSON and BOND, 1961) and bromo-deoxyuridine (BrdU) (GRATZNER, 1982) , and flow cytometric analyses of the DNA content (BARLOGIE et al., 1976; HEDLEY et al., 1983; QUIRKE and DYSoN,1986) . Previously, we have successfully performed double and triple immunostainings of BrdU with several important cellular markers to localize immunoproliferating antibody-forming cells in the rat spleen (MATSUNO et al., 1989) . In spite of their strategical advantages, however, these labeling agents such as BrdU must be preadminstered in order to be incorporated into cells during DNA synthesis. Thus, it would be more practical in clinical and pathological situations to judge retrospectively proliferative cells without a need for such labeling agents.
Recently, antibodies raised against various proliferation-associated antigens in the nucleus have been produced (GERDES et al.,1983; WASEEM and LANE, 1990; KREIPE et al., 1993) . The nuclear antigens seem to provide a very reliable and handy means for retrospectively identifying proliferating cells in various tissues including hematopoietic or lymphoid tissues (THIELE and FISCHER, 1993) . Particularly, the proliferating cell nuclear anti-104 T. EZAKI, L. YAO and K. MATSUNO:
gen (PCNA) (MIYAcHI et al., 1978; TAKASAKI et al., 1984) , also known as cyclin (BRAVO and CELIS, 1980; MATHEWS et al., 1984) , has received wide-ranging attention among cell biologists and pathologists. This PCNA is a 36 kilo dalton auxiliary protein for DNA polymerase 6-, an enzyme vital for DNA replication . Elevated levels of PCNA appear in the nucleus during the late G1 phase immediately before the onset of DNA synthesis, become maximal during the S phase, and decline during G2 and M phases (CELIS and CELIS, 1985) . PCNA has several advantages over the other nuclear proliferation markers. Firstly, not only its biochemical nature and biological significance ) but also its molecular mechanisms for PCNA gene-regulation (BASERGA,1991; YU et al., 1992) have been well documented. Secondly, PCNA is a very conserved protein as can be seen by its amino acid sequence homology between various mammals (BASERGA,1991), or even some plants (SUzuKA et al., 1989) . Therefore, the antibodies to this antigen are applicable not only to humans but also to a variety of experimental animals. Thirdly, routine f ormalinfixed paraffin sections can be used for PCNA immunostaining, which is particularly convenient for the retrospective investigation of most archival materials. Thus, monoclonal antibodis (mAbs) to PCNA (WASEEM and LANE, 1990) should be very useful in monitoring cell proliferation under normal as well as pathological conditions.
For single immunostainings of PCNA, either f ormalinor methanol-fixed paraffin sections have been commonly used. However, the immunostaining of PCNA on tissue cryosections has rarely been successful due to the loss of PCNA immunoreactivity during fixation and staining processes. This hampers further application of PCNA immunostaining to double or multiple immunostainings with other cellular or tissue markers which are mostly labile to the routine fixation and/or paraffin embedding. In the present study, we have attempted to devise alternative methods for PCNA immunostaining on rat tissue cryosections and apply these to double immunostainings, in order to allow identification of the actual phenotypes of proliferating cells and their differentiation from other markers in situ. We have tested various fixing conditions after preparing fresh cryosections and the effect of unmasking or antigen-retrieval with pepsin digestion to restore PCNA immunoreactivity after the fixations. The feasibility of double immunostainings of PCNA with various markers was demonstrated with particular emphasis on the fact that various macrophage populations form intimate cellular clusters with proliferating hematopoietic and lymphoid cells in situ.
MATERIALS AND METHODS

Antibodies
The antibodies used for immunostainings were as follows. A mouse mAb against PCNA (PC10) was purchased from Medac Co. (Hamburg, Germany). To detect other antigens in the rat lymphoid or hematopoietic tissues, 12 mouse mAbs and a rabbit antibody were tested as primary antibodies. 0X8 (anti-CD8), 0X38 (anti-CD4), 0X7 (anti-Thy-1.1), 0X6 (anti-MHC class II or Ia), 0X26 (anti-transferrin receptor or CD71) and 0X39 (anti-1L2 receptor or CD25) were purchased from Sera-Lab Ltd. (Crawley Down, Sussex, England). MARM-4 (anti-ratu heavy chain of immunoglobulin) was purchased from Dainippon Seiyaku Ltd. (Osaka, Japan). ED1, ED2 and ED3 (anti-rat macrophage subpopulations) (DIJKSTRA et al., 1985) were kindly donated by Dr. C. D. DIJKSTRA, Free University (Amsterdam, The Netherlands). HIS14 (anti-pan-B cells) (KROESE et al., 1987) was a kind gift from Dr. F. G. M. KROESE, Univ. of Groningen (Groningen, The Netherlands). A mouse mAb against BrdU (B44) was purchased from Beckton-Dickinson (Mountain View, CA, USA). A rabbit anti-bovine type-IV collagen antibody (Advance Co. Ltd., Tokyo, Japan) was used for staining of the basement membrane as reported previously (EzAKI et al., 1990b) . As secondary reagents, a horseradish peroxidase (HRP)-conjugated rabbit anti-mouse immunoglobulin (Ig) antibody (Dako Corp.; Santa Barbara, CA, USA), an alkaline phosphatase (ALP)-conjugated rabbit anti-mouse Ig antibody (Dako) and an HRP-conjugated goat anti-rabbit Ig antibody (BioRad Lab., Richmond, CA, USA) were used in the indirect enzyme-immunostaining.
The proper concentration for each antibody was predetermined.
Animals
Inbred DA and BUF/Mna rats (total 18 rats), 3-12 weeks of age, were obtained from our rat colonies at the Laboratory Animal Center for Experimental Research, Kumamoto University School of Medicine. They were bred by sid-mating under specific pathogenfree conditions and maintained in air-filtered clean rooms in order to reduce background mitotic reactivity. For the double immunostainings with BrdU, rats were injected intraperitoneally with 5-bromo-2'-deoxyuridine (4 mg/ml saline/100 g of body weight: Sigma, St. Louis, MO, USA) 2 h before sacrifice. Fluorescein isothiocyanate (FITC)-conjugated Ficoll, a thymus-independent type-2 (TI-2) antigen, was injected intravenously (400,ug) into rats to induce specific antibody responses in the spleen (MATSUNO et al., 1989) . The rats were killed by cervical dislocation under ether anesthesia.
Sample preparations
After sacrifice, the rat small intestines, spleens and thymuses were carefully removed and put into TissueTek cryomolds (Miles Inc., Elkhart, IN, USA) filled with OCT compound (Miles Inc.). Samples were then snap-frozen in liquid nitrogen. The frozen tissues were cut at a 6,um-thickness and sections were mounted on gelatin-coated glass slides and air-dried overnight at room temperature (RT). The slides were stored at -30C in a sealed slide box till use. For PCNA immunohistochemistry, a variety of fixation regimens were tested. Fixatives used were: 1) acetone: at RT for 10 min (MATSUNO et al., 1989) ; 2) Baker's formal calcium (formal Ca): at RT for 10min (BAKER, 1944) ; 3) formal Ca: at RT for 2 min followed by methanol; at -20C for 10 min; 4) methanol: at -20C for 10 min (DIEBOLD et al., 1992) ; 5) 1% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB): at RT for 2 min followd by methanol: at -20C for 10 min ( VAN DIERENDONCK et al., 1991) ; 6) 4% PFA in 0.1 M PB containing 0.05% glutaraldehyde (Glu): at RT for 10 min; 7) periodate-lysine-paraformaldehyde (PLP): at RT for 10 min (MCLEAN and NAKANE, 1974) ; and 8) Zamboni's fixative: at RT for 10 min (ZAMBONI and DEMARTINO, 1967) . The unmasking or antigen retrieval was performed according to our previous report (MATSUNO et al., 1989) with minor modifications, as follows. After fixation, sections were washed in distilled water for 5 min and then treated with various concentrations of pepsin (Sigma) in 0.01 N HCl solution at 37C for 10 min. The optimal concentration of pepsin was predetermined in preliminary experiments, with the condition for unmasking used throughout this study. The purpose of unmasking by proteolytic digestion was to restore the immunoreactivity of PCNA antigen from the steric hindrance of antigenic determinants (BRANDTZAEG, 1982) , if any. 
Immunohistochemistry
After fixation or pepsin-treatment, cryosections were washed in distilled water for 5 min and rinsed in 0.01 M phosphate-buffered saline (pH 7.2; PBS) for 15 min. They were incubated first with 4% Block Ace solution (Dainippon Seiyaku Ltd.) to reduce non-specific backgound stainings. The sections were then incubated with either various primary antibodies or PC10 (1: 200 in PBS with 0.2% bovine serum albumin) for PCNA staining at RT for 1-2 h, washed in PBS at least 5 times, and incubated further with enzymeconjugated secondary antibodies (1: 50-1:100 in PBS with 1 % heat-inactivated normal rat serum) for 1 h. HRP reaction was developed at RT for 10-20 min in a solution of either 10 mg of 3'-diaminobenzidine hydrochloride (DAB: Dojin Chemicals, Kumamoto, Japan) in 30 ml PBS with 10u 1 of 30% H202, or 12 mg of 4-chloro-l-naphthol (CN; Sigma) in 50 ml 0.05 M Tris-HC1 buffer (pH 7.4) with 10,u1 of 30% H202. In some cases, 1 ml of 1% CoCl2 and 1 ml of 1% Ni(NH4)2 (504)2 were added to the above DAB solution for color modification (Co/Ni-DAB). The addition of these heavy metals to DAB-reaction mixture gives darker color and increased staining-intensity (HSU and SOBAN,1982) . ALP reaction was developed in a solution of either naphthol AS-MX phosphoric acid (0.4 mg/ml; Dojin Chemicals), fast red TR salt (FR) (0.4 mg/ml; Sigma) and 1 mM MgC12 in 0.05 M Tris-HC1 buffer (pH 9.0) at 37t, or ALP substrate kit I (Vector Red; Vector Laboratories Inc., Burlingame, CA, USA) in 0.1 M Tris-HC1 buffer (pH 8.2) at RT. One mM levamisole (Sigma) was added to block endogenous ALP activities, if necessary. The ALP reaction was carried out in the dark for 10-20 min.
Double immunostainings between PCNA and other antigens were carried out by repeating two cycles of the indirect immunostaining as reported previously (EZAKI et al., 1990a) . Cryosections were immunostained first for PCNA, washed in PBS and then incubated with second specific antibodies against various other antigens at 4°C overnight. They were washed in PBS and incubated with corresponding enzyme-conjugated secondary reagents. The enzyme reactions were developed as described above. Various combinations of enzyme reaction were tested to get good color contrast. These favorable combinations for color reactions were HRP-Co/Ni-DAB (dark brown) for PCNA versus HRP-DAB (bright brown), and ALP-FR (red) or ALP-Vector Red (red) for the second markers. Since all antigens-except BrdU-tested in this study were localized outside the nucleus and were stained later with brighter colors than PCNA (dark brown), the immunoreactivities of both PCNA and these second antigens did not interfere with each other. Thus, one can neglect undesirable cross-reactivities between the two antigens, even if some minor cross-reactivities might occur. In combination with BrdU staining, sections which had been stained first for PCNA were treated with 4 N HCl at RT for 30 min, and thereafter stained for BrdU by the method of MATSUNO et al. (1989) . After immunostainings, sections were fixed again with 1 % glutaraldehyde in PBS at RT for 5 min, washed in distilled water and lightly counterstained with either hematoxylin or methyl-green. Depending on the solubility of enzyme-reaction products to organic solvents, samples were mounted either directly in Aquatex (Merck, Darmstadt, Germany) or in MGK-S (Matsunami Industry, Osaka, Japan) after dehydration.
Negative controls were incubated with either Block Ace or unrelated mouse mAbs (or rabbit antisera) instead of specific primary antibodies.
RESULTS
Effects of fixation and unmasking on PCNA immunoreactivity
The immunoreactivity of PCNA and general morphological preservation after the various fixing conditions are summarized in Table 1 (without unmasking). PLP fixation resulted in quite strong positive staining and relatively good morphology (Fig. lc) . One percent PFA followed by methanol fixation (Fig.  lb) also gave reasonably good immunoreactivity, but its morphological preservation was not as good as PLP. Under other fixing conditions, including methanol fixation at -20°C (Fig. la) , little or no significant immunoreactivity was obtained. The results of unmasking with a proteolytic enzyme to restore the immunoreactivity of PCNA after various fixations are as follows. The optimal concentration of pepsin was in the range of 0.006-0.0006%, so that a standard digesting condition was decided as 0.001% pepsin in 0.01 N HCl at 37C for 10 min. Generally, the milder proteolytic digestion resulted in a weaker immunostaining for PCNA. The results concerning the effects of pepsin treatment on the immunoreactivity of PCNA are also summarized in Table 1 . Under various fixing conditions-except for acetone and formal Ca, the unmasking was more or less effective in restoring the immunoreactivity of PCNA. Particularly, the enzyme treatment was remarkably effective on sections fixed with 4% PFA/ 0.05% Glu (Fig. 2b) . Moreover, the pepsin treatment eliminated the non-specific endogenous peroxidase activity (Fig. 2a) without any blocking procedures.
On the other hand, the general morphological preservation of most sections was very much affected by the enzyme treatment except for those fixed with 4 PFA/0.05% Glu. Therefore, the fixation for the following immunostainings was performed with either PLP or 4% PFA/0.05% Glu, followed by the pepsin treatment (PFA/Glu + Pepsin).
Immunoreactivities of other antigens under the conditions for PCNA immunostaining
In order to make sure whether these conditions for PCNA immunostaining are also applicable to other various antigens, a series of mouse mAbs and rabbit anti-type IV collagen antibody were tested for their immunoreactivity using various rat tissues (Table 2) . Acetone fixation was performed as controls for the positive immunoreactivity of each antigen, since acetone is commonly used for general immunohistochemistry on cryosections as a standard fixative (JUDD and BRITTEN, 1982) . Most antigens used were preserved after PLP fixation, whereas a limited number of antigens, such as ED1, ED2, type-IV collagen and BrdU, were preserved after PFA/Glu+ Pepsin treatment. Since the general morphological preservation of sections after PFA/Glu + Pepsin treatment was better than those after PLP fixation, we used PFA/Gul+ Pepsin treatment as the first choice, with PLP second for the following double immunostaining of PCNA with other antigens. . Double immunostaining with EDI of the spleen red pulp from a 3-week-old rat. PCNA was stained dark brown with HRP-Co/Ni-DAB and ED1 was stained red with ALP-FR. x520
Fig. 6. Double immunostaining with type-IV collagen of the rat thymus. PCNA was stained dark brown with HRP-Co/Ni-DAB and type-IV collagen was stained bright brown with HRP-DAB. The type-IV collagen staining represents the basement membrane of the blood vessels or thymic epithelium. PCNA-positive cells localize especially around vessels (V) with the perivascular channel (KOTANI et al., 1967) at the border between the cortex (C) and medulla (M). Occasionally, PCNA-positive cells (arrow) are found in the perivascular channel (asterisk). x 640 Fig. 3-6 . Legends on the opposite page. (GRATZNER,1982) , whereas PCNA appears in the nucleus from the late G1 phase, becomes maximal during the S phase and declines during G2 and M phases (CELIS and CELIS, 1985) . In the small intestine, both markers were localized only at the bottom of intestinal crypts. After being stained first for PCNA (bright brown with HRP-DAB), the immunoreactive range of PCNA was found to cover most of the basal cell nuclei (figure not shown). When the sections were further stained for BrdU (dark brown with HRP-Co/ Ni-DAB), the immunoreactive range of BrdU was limited to a part of these PCNA-positive cells (Fig.  3a) . The coexistence of both markers was further confirmed by the double staining in the thymus using a different color combination (Fig. 3b) . In this case, many PCNA single-positive cells (red with ALP-FR) were seen throughout the superficial cortex when it was stained first. After the subsequent staining for BrdU (dark blue with HRP-CN), the nuclei of BrdUpositive cells became dark purple because they also contained PCNA at high levels. These data indicate that both proliferation markers are localized in cells located in the zone of proliferation in these tissues and well correlated with each other in situ. Figure 4 demonstrates the close relationship between ED2-positive macrophages and proliferating cells in the splenic red pulp (Fig. 4a ) and in the thymus (Fig. 4b ) from 3 week-old rats. In the young spleen, the PCNApositive cells in the white pulp mainly represent lymphoblasts, while those in the red pulp represent erythroblasts (shown in Fig. 8 ). The ED2-positive macrophages in the red pulp often formed so-called erythroblastic islands (PICTET et al., 1968; BEN-ISLAY and YOFFEY,1972) , and similarly the ED2-positive macrophages in the thymus formed intimate cellular clusters with proliferating cortical thymocytes. Since the red-pulp macrophages are positive for both ED1 and ED2 (DIJKSTRA et al., 1985) , ED1-positive red-pulp macrophages also formed similar cellular complexes with erythroid cells (Fig. 5 ). When combined with the staining for type-IV collagen (Fig. 6) , the relationship between blood vessels and proliferating cells could be readily demonstrated. Figure 6 shows the proliferating thymocytes gathered especially around a vessel with the perivascular channel at cortico-medullary junction, a site of great importance for cell traffic in the thymus (KoTANI et al., 1967; USHIKI, 1986) .
PLP fixation was also performed in double immunostainings with other antigens which could not resist the PFA/Glu + Pepsin treatment. In the case of ED3, the antigen is expressed on marginal metallophils and marginal-zone macrophages in the rat spleen; these ED3-positive macrophages are speculated to be the antigen-presenting cells in antibody responses to TI-2 antigens (MATSUNO et al., 1989) . PCNA-positive cells, on the other hand, were normally seen more frequently at follicles than at other sites in normal adult spleens (Fig. 7a) . In the rats that had been immunized with FITC-Ficoll 4 days earlier (Fig. 7b) , PCNA-positive cells accumulated at the outer penarterial lymphoid sheath (PALS), particularly at the sites close to ED3-positive marginal metallophils which were shown to take up this antigen (MATSUNo et al., 1989) . Figure 8 shows the double immunostaining of PCNA with transferrin receptor (0X26). In young rats, almost all PCNA-positive cells in the spleen red pulp were also positive for transferrin receptor, indicating that they are actually proliferating erythroid cells or erythroblasts, since immature erythroid lineage are recognized by 0X26 (JEFFERIES et al., 1984) .
DISCUSSION
The aims of this work were firstly to establish a reliable immunostaining technique for PCNA on tissue cryosections and secondly to develop it for the double or multiple immunostaining of PCNA with other important markers for cellular or tissue components. Using these techniques, we demonstrated various outcomes in rat tissues, in which both PCNA and other important markers could be clearly identified and their relationship in situ readily appreciated. Particularly, it was shown that various macrophage populations form intimate cellular clusters with hematopoietic and lymphoid cells in situ. These provide valid evidence supporting the concept of the macrophage-mediated microenvironments that may play primary roles in the differentiation of erythroid cells (PICTET et al., 1968) , antibody-forming cells (MATSUNO et al., 1989) or thymocytes (EzAKI et al., 1991) .
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conditions for the proper fixation of tissue cryosections and unmasking with pepsin to restore the immunoreactivity of PCNA. Recently, it has been reported that PCNA as an antigen is rather sensitive to fixing conditions, even in paraffin sections (GOLICK and RICE, 1992; MCCORMICK and HALL, 1992; TAKAHASHI et al., 1992) . Thus one should use proper fixing conditions for the immunostaining of PCNA using cryosections and be cautious in judging the positivity for PCNA. Compared with the fixations for paraffinembedded materials, there have been very few reports on those for frozen or cultured materials in PCNA immunostaining. DIEBOLD et al. (1992) recommended methanol fixation at -20°C for 10 min for cryosections, while the combined fixation of 1 % PFA at RT for 2 min and methanol at -20°C for 10 min was preferred for cultured-cell smears ( VAN DIERENDONCK et al., 1991) . However, we found that both methods were not necessarily the best choice for immunostainings on cryosections, because the methanol fixation more or less deteriorated the general morphological preservation of tissues, which is very crucial for analyses by the double or multiple immunostainings. With acetone and formal Ca, we could neither directly stain PCNA nor restore the antigen with pepsin under any digesting conditions. PCNA might have diffused away during the staining process after these fixing conditions . PLP fixation can be used for a wide range of antigens which are labile to the PFA/Glu+Pepsin treatment. Although the PLP fixation resulted in reasonably good morphology, it gave more varying intensities and diffused patterns of PCNA staining than PFA/Glu fixation. In contrast, the PFA/Glu+Pepsin has not only improved the general morphological preservation of tissue samples but also remarkably increased -the staining intensity of PCNA. Since the general morphological preservation after PFA/Glu + Pepsin treatment was better than that after PLP fixation, we offer PFA/Glu + Pepsin treatment as first choice for the single immunostaining of PCNA. Furthermore, the pepsin treatment eliminated the non-specific endogenous peroxidase activity, which is another advantage of this procedure.
The principle of unmasking has been believed to overcome the antigen-hindrance after various fixations or other procedures during tissue preparation (BRANDTZAEG,1982) . A variety of techniques have been devised to retrieve the immunoreactivity.
These have involved enzyme digestion (CURRAN and GREGORY, 1978; SHINTAKU and SAID, 1987) , acid or base treatments (CAMPANA et al., 1988) , drying plus heating (GOLICK and RICE 1992) , heating with microwaves (GREENWELL et al., 1991; SHI et al., 1991) or autoclave (SHIN et al., 1991) . The exact mechanisms of these unmasking effects have yet to be established. In addition to these unmasking techniques, KOSAKA et al. (1986) have used a freeze-thawing technique to get a better penetration of immunoreagents into tissue sections. For judging the growth potency of cells in the use of pathological materials, all these techniques are quite promising and might be able to overcome the potential pitfalls due to the lack of uniformity of tissue fixation. In relation to PCNA immunostaining, methods with acid treatment (WOLF and DITTRICH, 1992) , drying plus heating (GOLICK and RICE, 1992) and microwaves (GREENWELL et al., 1991) have been reported, but only for paraffin sections. Previously, on cryosections, we have reported that pepsin digestion before acid treatment markedly increases the staining intensity of BrdU (MATSUNO et al., 1989) . This idea has been adopted to the PCNA immunostaining in this study. It should be noted that the unmasking with pepsin is not only effective on cryosections but also applicable to paraffin-embedded tissue sections to restore the immunoreactivity of PCNA after various fixing conditions (EZAKI et al., manuscript in preparation).
The second aim of this work was achieved by the careful check for proper pretreatments for double immunostaining. The double immunostaining with many of the antigens to be studied had to be performed on tissue cryosections because they are usually susceptible to formalin fixation and/or paraffin-embedding. In combination with PCNA, PFA/Glu+Pepsin treatment is performed for relatively stable antigens, whereas PLP fixation is applicable to other antigens which are labile to the former procedure. These have enabled us to localize the proliferating cells accurately and clarify their correlation with other important tissue markers, as the judgment of PCNA positivity and identification of individual cells becomes much easier. In the present study, we have tested a limited number of fixatives that are relatively commonly used for immunohistochemistry, and used pepsin for the unmasking. It may be worth while checking some other types of fixative and proteolytic enzyme under different conditions, because the condition for the best double immunostaining result should be determined for each combination of PCNA and other markers of interest. In addition, the color combination of enzyme reactions is also very important to clearly demonstrate the correlation between these antigens. We suggest that Co/ Ni-DAB or DAB instead of chloro-naphthol (CN) are more suitable for PCNA staining, because CN is photosensitive and easily fades away. For immunostainings of the second antigens, brighter colors such as FR or DAB give better contrasts with PCNA.
Recently, it has also been reported that PCNA reactivity is associated with not only DNA synthesis in proliferating cells but also DNA repairing in noncycling cells (MCCORMIC and HALL, 1992) . This may be a very serious problem in judging the clinical course of various neoplasms and designing adequate therapeutic approaches. In this work, the double immunostaining of PCNA with BrdU has revealed that PCNA and BrdU coexist and are both confined to proliferative areas in normal tissues. Another possible way to avoid such misjudging, particularly in pathologcal conditions, might be the simultaneous immunostaining of other markers which are associated with non-proliferating cells, such as statin (WANG and KRUEGER, 1985; BISSONNETTE et al., 1990 ).
In conclusion, we have established the double immunostaining techniques to simultaneously demonstrate PCNA-positive proliferating cells in combination with other various markers in tissue cryosections, to identify the actual phenotypes of the proliferating cells and to differentiate them from others in situ. The techniques should lend themselves greatly to obtaining important information from frozen tissues regarding the mutual relationship between proliferating cells and any tissue or cellular markers of interest which are usually susceptible to routine fixations and/or paraffin-embedding.
